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,1  promising  Earth-based  technique  Jitr  directly  determining 
diameters  of  asteroids  is  based  on  new  developments  in  interferometry. 
Until  I97S  application  of  interferometric  techniques  to  asteroids  was 
limited  to  the  very  brightest  objects  by  the  low  sensitivity  of  available 
detectors.  Results  have  been  published  only  for  1‘allas  and  Vesta. 
However,  modern  photoelectric  detectors  are  now  being  used  in  these 
observations  and  diameter  measurements  for  a  number  of  minor  planets 
will  be  forthcoming. 

The  resolution  of  optical  telescopes  is  classically  given  by  the  Rayleigh 
criterion  and  is  inversely  proportional  to  the  telescope  diameter.  However,  as 
is  well  known,  turbulence  in  the  earth’s  atmosphere  or  “seeing”  degrades 
virtually  all  telescope  images  to  about  one  arcscc.  Since  the  largest  asteroid 
angular  diameters  are  about  0.5  arc  see.  conventional  telescope  images  are 
limited  for  measuring  asteroid  sizes  and  shapes.  In  ptinciplc.  telescopes  of  4-5 
meter  diamter  not  limited  by  seeing  could  obtain  angular  resolution  of  0.02 
arcscc.  translating  into  about  30-kin  resolution  in  the  asteroid  belt. 

Recent  techniques,  speckle  and  amplitude  imcifcromctry  (or  single 
aperture  interferometry)  offer  great  promise  for  removing  the  degrading 
effects  of  the  atmosphere.  Interferometry  was  lust  employed  to  measure  the 
diameter  of  the  asteroid  Vesta  by  llaniy  in  about  lf?w  (sec  Oollfus  1971 ).  In 
1977  Vesta  and  Pallas  were  observed  by  Worden  cl  al  (1977)  and  later  by 
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Woolen  and  Stein  ( using  speckle  interferometry,  but  extension  of  this 
wmac  to  fainter  asteroids  has  been  hindered  by  the  low  sensitivity  of  available 
detectors.  With  suitable  application  of  these  methods  it  now  appears  possible 
t<>  ditcclly  measure  angular  si/.es  and  even  produce  images  for  several 
hundreds  of  the  larger  asteroids.  In  this  chapter  I  discuss  the  limited  work 
already  done  on  asteroids  with  speckle  interferometry  and  more  extensive 
work  in  progress  to  apply  single  aperture  interferometry  to  asteroid  studies. 


1.  SPECKLE  INTERFEROMETRY 

Small-scale  temperature  inlromogcucitics  in  the  .earth's  atmosphere 
produce  changes  in  the  index  of  refraction.  These  refractive  index  changes 
cause  phase  delays  along  an  incoming  plane  wave,  which  may  he  tight  from  a 
stellar  point  source.  This  is  represented 'schematically  in  Fig.  1 .  Without  phase 
errors,  optical  systems  produce  the  image  shown  in  Fig.  1/1,  which  is  said  to 
be  “diffraction  limited."  where  a  point-source  image  is  the  classical  Airy  disk 
for  a  circular  telescope  aperture.  The  size  of  this  image  is  inversely 
proportional  to  the  telescope  diameter.  :With  any  phase  errors  telescope 
resolution  is  degraded  to  that  appropriate  for  an  optical  system  only  as  large 
as  the  scale  over  which  there  is  some  phase  coherence  (i.e.,  the  phase  is  tire 
saute).  Since  the  atmosphere  breaks  an  incoming  plane  wave  into  about  10-cm 
fragments,  all  telescopes  produce  images  with  resolution  no  better  than  that 
of  a  10-cm  telescope,  namely  one  arc  see.  This  process  is  shown  in  Fig.  1//. 

I.ahcyrie  ( 1970)  proposed  a  method  to  recover  some  information  down 
to  large  telescope  diffraction  limits.  He  pointed  out  that  slum-exposure  (A/  ~ 
0.01  sec)  photos  “fiee/.c”  the  turbulence  in  the  atmosphere.  Although  the 
phase  coherence  si/o  in  this  “frozen"  system  is  still  only  10  cm,  there  will  be 
some  10-cm  patches  scattered  over  the  entire  aperture  which  arc  at  the  same 
phase.  These  portions  act  in  concert  as  a  form  of  “multiple”  aperture 
intcrfciomctcr  which  provides  some  information  down  to  the  diffraction 
limit  of  the  entire  telescope  aperture.  As  shown  in  Figure  1C,  the  image  of  a 
point  source  seen  through  a  multiple-aperture  interferometer  is  a  series  of 
nearly  diffraction-limited  images  modulated  by  a  one  arcsec  seeing  disk.  This 
process  is  known  as  “speckle  interferometry”  since  the  short-exposure 
photos,  as  shown  in  l-'ig.  2.  look  like  laser  speckle  photos. 

11.  AMPLITUDE  INTERFEROMETRY 

An  alternate  approach  to  stellar  interferometry,  suggested  by  Currie 
(I‘Jf>7)  and  Currie  cl  al.  (1974),  is  similar  to  Michclson  interferometry'. 
Known  as  “amplitude  imcrforomi’lty”  this  technique  uses  a  device  like  that 
shown  in  l-'ig.  3.  The  individual  collection  apertures  arc  smaller  than  the 
10-cm  coherence  length  in  order  to  reduce  the  correction  due  to  atmospheric 
degradation  to  a  negligible  level.  As  the  atmosphere  modulates  the  relative 
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big.  2;  Spccktc  photos  from  the  Kilt  Peak  4;m  tclescope.Kach  image  is'lboUt  tarcsec  in 
cMcr.t.  (A)  ft  Ononis.  a  resolved  aipcrgiant  star,  (111  vOiioim,  a  point-source  star,  and 
O')  ft  Autipac,  a  binary  slat  vvilh  (1.05-arcsee  scparalion. 


phase  shifts  between  these  two  aperturcs.lhe'cohcrenec  properties  (and  thus 
angulat  si/.c)  of  the  object  as  it  apjvcars  on t side,  the  atmosphere  can  be 
learned.  To  obtain  complete  two-dimensional  si/.c  and  shape  information  the 
obsetver  varies  the  separation  and  position  angle  for  the  two  apertures.  Currie 
has  proposed  and  built  .a  multiple-aperture  amplitude  interferometer  system, 
that  allows  the  full  telescope  apetturc-to  be  covered  simultaneously  and  all 
Fourier  components  sampled  simultaneously.  The  efficiency  of  such  a  system 
should  be  comparable  to  a  speckle  interfcromcliy  system. 

111.  DATA  recording  systems 
AND  data  REDUCTION  TECHNIQUES 

A  diagram  of  the' Kill  Peak  photograpliic.spccklc  interferometer  is  shown 
in  Fig.  4.  There  are  about  six  similat  systems  in  use  at  the  present  time.  The 
Kiti  Peak  camera  was  designed  by  f.ymls  fl.ynds  rial.  1*>76;  Breckinridge ct 
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lap.  3.  Diagram  of  Currie's  amplitude  interferometer. 
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l  ip.  4.  Dhpram  nf-Lyn-Js’  speckle  interferometer. 


al.  !‘)7S).  As  shown  in  the  figure,  light  fiom  llic  telescope  passes  through  a 
shutter  and  focuses  at  the  telescope  image  plane.  The  shuttci  is  necessary  to 
insutc  exposures  shorter  than  tlie  atmosphciic  change  time,  typically  20 
msec.  Hie  telescope  image  is  relayed  and  magnified  hy  a  microscope 
objective.  The  magnification  is  set  to  provide  a  pixel  resolution  oversampling 
the  telescope  diffraction  spot  si/.c  by  at  least  a  factor  of  four.  For  the  Kill 
I’cak  *t-m  telescope,  this  provides  a  final  image  scale  of  0.2  arcsec/mm. 
Atmospheric  dispersion  blurs  speckle  image  patterns  in  the  sense  that  tire 
"red”  portion  of  the  image  focuses  at  a  slightly  different  position  than  the 
”blue’'  pottion.  Since  this  may  be  significant  for  even  200  A  bandpass 
photos,  a  set  of  TOtating,atmosphcric-compimsating  prisms  is  included  to 
counteract  the  dispersion.  Since  there  arc  about  20  orders  of  optical 
interference  across  a  speckle  photo,  a  narrow  hand  (AX  ~  200  Al  interference 
llltci  is  used  to  preserve  coherence  across  the  entile  speckle  photo.  If  this 
were  not  included,  the  “speckles"  near  the  edge  of  the  photos  would  Ik 
elongated.  A  three-stage  image  tube  intensifies  the  image  enough  to  allow 
photographic  data  recording.  A  transfer  lens  relays  the  intensified  image  to  a 
data  recording  system,  in  this  ease  a  35-inrn  film  camera. 

The  speckle  photos  in  Fig.  2  were  taken  with  the  Kid  Peak  system,  lire 
different  character  of  these  photos  is  readily  apparent.  This  is  understandable 
from  the  analog)’  to  a  multiple-aperture  interferometer,  liaclr  speckle  should 
be  a  diffraction-limited  image  of  the  object.  Indeed,  the  binary  star  (a  Aur) 
speckles  arc  double,  the  poinl-souicc  speckles  roughly  diffraction  spots,  and 
tire  resolved  star  (q  Ori)  sjrccklcs  somewhat  larger.  This  aspect  led  Lynds  cl  aL 
to  a  direct  speckle  image  reconstruction  scheme  wliercbyJndividuai  sjKckles 
were  identified  and  co-addcd  to  produce  a  nearly  diffraction-limited  image 
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lot  Use  special  case  of  stars  like  it  (hi. 

A  number  of  methods  exist  to  reduce  speckle  intcrfcrometiy  data. 
1  .ubey lie's  (1970)  original  method  is  widely  used,  in  particular  for  binary  star 
measurements,  individual  speckle  photos  arc  Fourier  transformed  either 
optically  or  digitally  and  the  Fourier  modulus  computed.  If  the  speckle  image 
is  represented  in  one  dimension  as  i(.v).  and  its  transform  as  /(s),  this  process 
is  mathematically  represented  by 

As)  -  j  i'(x)c~2,r'jr*d.v.  (1) 


The  modulus  or  power  spectrum.  |/(s)!s,.of  this  transform  contains  the 
diffraction-limited  information  in  jn  easily  extractable  form.  In  the  case  of 
the  binaries,  power  spectra  show  handing  which  represents  the  binary 
separation:  the  wider  the  bands  are  apart,  the  closer  the  binary  separation. 
The  orientation  of  these  bands  represents  the  position  angle  of  the  binary 


system. 

The  residual  effects  of  tire  seeing  must  be  removed  to  yield  the  maximum 
accuracy.  Even  though  the  hands  (fringes)  arc  readily  visible  in  raw  speckle 
power  siiectra,  tltcir  spacing  is  affected  by  the  residua!  seeing  effects. 
Lal*eyrie‘s  method  uses  observation  of  |h>int-sotirce  stars  to  determine  these 
seeing  effects  and  remove  them.  If  l\{x)  arc  point-source  speckle  photos  with 
a  mean  power  spectrum  <|/*(s)l*>.  am!  <|/(s)l2>  tire  mean  power  spectrum 
of  tire  object  photos  Af  v).  then  the  diffraction-limited  power  spectrum  of  the 
object  is  given  by  <|/M13> 

KAvll1  =  ■  -  (2) 

<Ms)  l2> 


Point-source  data  ate  usually  derived  from  speckle  observations  of 
poim-sourcc  stars  situated  near  the  program  objects  ott  tire  sky.  Since  these 
point-source  objects  arc  not  in  general  observed  within  the  same  isoplanatic 
angle  and  not  at  tiro  same  time,  their  power  spectrum  can  only  represent  the 
residual  seeing  effects  in  :«  statistical  sense. 

Worden  cl  ai  (1**77)  have  developed  a  method  to  calibrate  for  residual 
seeing  effects  using  the  same  set  of  sjicckle  photos  as  used  to  study  the 
program  objects.  We  illustrate  this  method  in  Fig.  5.  lire  method  proceeds  as 
follows:  the  mean  autocorrelation  function  of  a  scries  of  speckle,  /,-Cx)  photos 
is  computed: 

<AC(Av)>  =  </  ij<x)  *  r((x  -  A.r)iLc> 

J  ~  (3) 


=  <  itlx  )  *  it(x)  >  . 


(The  aiitocortelalioti  is  tire  Fourier  transform  of  the  power  spectrum:  see 
brace  well  19(0  for  details.)  As  we  sec  in  Fig.  5,  tire  mean  autocorrelations  arc 


Tig.  S.  illustration  of  llic  Worden  rt  cl.  111771  tnctltod  for  reducing  -|>ccUc 
iutcrferottietry  dais. 


dominated  by  the  seeing  background.  This  background  may  be  accurately 
removed  by  computing  ami  subtracting  the  mean  cioss-corrclation  between 
consecutive  speckle  photos  of  the  sintc  sot  of  data  used  to  compute  the 
autocorrelation.  The  cross-correlation  (XC)  between  the  /'*’  and  i1*1  +  1 
speckle  plmtd  is  given  by 

♦  *** 

<XC(Ax)>  =  <  J  ij(x)  *  /;  «  I  <X-fiC  )d.v  > 


=  <  »f(.vj  *ij  +  ,(.v)>  . 


(•*) 


Welter  and  Worden  (H'rg)  showed  that  the  resulting  subtraction  is  the  object 
autocorrelation  as  it  would  api>ear  with  virtually  '  all  seeing  effects  removed, 
litis  “diffraction-limited"  autocorrelation  contains  information  on  such 
quantities  as  angular  diameter  in  easily  extractable  bum.  I'or  example,  the 
angular  diameter  of  an  asteroid  is  simply  the  distance  between  the 
autocorrelation  maximum  and  titc  point  whcic  tire  autocorrelation  falls  to 
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Current  photographic  speckle  camcia-:  aic  generally  limited  to  objects 
biigliter  than  +7  mag.  The  photographic  recording  systems  arc  therefore  being 
replaced  with:  high  quantum  efficiency  digital  recording  systems.  The 
University  of  Arizona. speckle  carnera  tfses  a  Cliargc  Injected  Device  (C1D) 
television  system  to  record:  ph<>ton'arrivals.j1‘his‘systcm  simply  replaces  the 
pliotDgraphtc  cinnlsion.  ahd  it  cartrccord  data:  for  objects  faint  enough  so 
that  only  a  few  photons  arrive  ina  20-niscc  exposure.  In  Fig.  6  wc  sitow  data 
from  this  systctirfor  Saturn’s  moon  Rhea.,  which  ts.a  I O^'-magnitude  object. 
The  limiting  rerpiircmcnt  for  this  method  Is  that  at  least  two  photons  lie  in 
the  same  speckle.  If  wc  can  record  two  photons -per  frame  in  a  20-msec 
exposure  in  some  of  the  frames  these  two  photons  will  lie  in  the  same  speckle 
aitJ  contribute  t»>. bur  diffractiorf  jjmitcdrsignal.  Tltis  tratrslatcs  to  about  a  +16 
stellar  magnitude  limit.  Although  angular-diameters  arc  more  difficult  to 
derive  than  binary  separations.  •  wc  ha  vS?used?this  -system  to  derive  angular 
diameters  for  a  10.5  magnitude  object  (lapetus)  accurate  to  ±  5%  with  less 
than  five  minutes  total  observing  time.  ^ 

The  amplitude  interferometer  obtains  the  high  angular  resolution 
information  in  a  somewhat :  differ  cn l  fashion  than  the  speckle  interferometer. 
In  this  case,. the  light  is  sampled  at-  ‘lie  entrance  aperture  of  the  telescope, 
where  the  effect  of  the  atmosphere  lias  been  to  introduce  only  an  error  in  the 
phase  delay,  "Hie  light  from  two  separate  apertures  on  opposite  sides  of  the 
telescope  is  then  iinctlcromctrically  combincd.  as  shown  in  Fig.  3. 

In  order  to  permit  the  observation  of  fainter  objects,  wc  wish  to 
simultaneously  use  all  the  light  entering  the  telescope  aperture,  i.c..  the  data 
from  many  thousands  «>f  pairs  of  apertures  (a  Multiple  Aperture  Amplitude 
Interferometer  or  MAAl).  This  may  be  done  by  replacing  each  of  the  two 
photuumliiplicis  with  a  “television  camera"  in  which  each  resolution  clement 
acts  as  a  separate  channel  interferometer. 

Results  tm  solar  system  objects  lutvc  been  limited,  largely  due  to  the 
bright  limiting  magnitude  of  existing  photographic  speckle  systems  and 
amplitude  interferometers.  With  the  advent  of  efficient  photoelectric  and 
television  systems  this  situation  is  changing.  Table  i  lists  data  published  on 
the  asteroids  Vesta  and  Fallas  (Worden  a  at  1977;  Worden  and  Stein  1978). 
In  these  diameter  determinations;  circulai  objects,  uniform  albedo,  and  no 
limb  darkening  have  been  assumed.  With  a  photographic  limiting  magnitude 
of  +7,  Vesta  and  l*a!Ias  are  the  only  astetoids  which  Itavc  been  observable  so 
far.  Amplitude  interferometry  lias  had  an  even  more  stringent  limit,  about  +3 
mag.  1  note  that  the  speckle  results  for  Vesta  match  other  values  for  that 
asteroid’s  diameter  very  well,  although  Fallas’  diameter  is  about  25%  larger 
than  the  accurate  ocenltatiun  results  for  this  object  (Wasscrmatt  ct  al  1979; 
see  the  chapter  by  Miilis  and  Hliiott).  However,  as  alluded  to  earlier, 
photoelectric  systems  now  make  it  passible  to  observe  objects  as  faint  as 
stellar  inaptitude  +16. 

Wc  have  used  a  prototype  television  system  (Strittmattcr  and  Woolf 
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Diameters  of  Solar  System  Objects  from  Speckle  Interferometry 


Object 

Dale 

tun 

Angular  Diameter 
( arcsec 1 

Diameter 

(km) 

Vcvl.l 

1  Dec  7u 

O.dtltl  !  tl.il !!) 

513  ‘  51 

Vesta 

3  feh  77 

0.470  ■  0  O.'O 

5S0  i  23 

Pallas 

a  fell  77 

0.730  i  O.Orai 

673  .*  55 

Rhea 

1 7  Apr  78 

0  234  1  il.OilS 

1437  *  40 

lapelu- 

17  Apr  78 

0.1  SO  t  u.021 

1200  l  132 

107S)  on  Steward  Observatory's  2.3-m  telescope  to  observe  Saturn's  satellites 
lllica  (—*>.5  mag)  and  lapetus  (~I0.5  magi,  figure  (>  shows  a  speckle 
photogKtpli  1 1 out  this  system  lor  Rhea:  individual  plioioii  events  arc  readily 
appaieut.  The  angular  diametcis  of  these  object*.  :i:e  listed  in  Talile  I.  These 
values  match  iunar  occupation  values  quite  well  t  flliol  cl  a!.  I*>7S>.  A  system 
developed  by  Bokscnbcig  at  the  University  College  London  has  been  used  to 


!;is.  6.  Speckle  data  obtained  uilli  a  digital  camera  Kliea  dm\ti:ig  individual 
photons. 
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oWivc  the  asteroids  511  David.-  and  -HI  llatm-mia  a!  about  stellar 
magnitudes  i  1 1 .5  and  ■»  1 2.  respectively.  Although  these  results  have  i»s*l  been 
accurately  calibrated  yet.  the  ratio  of  the  two  objects’  diameters  of  about  3. 
tepotted  by  other  investigators.  is  confirmed. 

lire  accuracies  reported  >'i  Table  I  exceed  the  telescope  diffraction  limits 
by  a  -ai-nit'kan!  factor.  I  be  quoted  errors  ate  based  on  diameter 
determinations  front  imlei»eiuU-i«i  subsets  of  the  data.  The  diameters 
themselves  ate  derived  by  coitvyivtr-u  various  diameter  asteroid  profiles  with 
point  soitice  speckle  data  obtained  at  the  same  time  until  a  best  match  with 
the  observed  asteroid  speckle  profile  is  readied.  Stellat  diameters  accurate  to  ± 
3'-;  internal  etior  have  been  detived  in  this  manner  lot  objects  close  to  the 
diffraction  limit  in  si/c  (Worden  l‘*75)and  diameters  lot  objects  considerably 
smaller  than  '.he  difftaeiion  limit  ate  accurate  to  t  >\Y7v (Worden  lliese 

lire,! t  precisions  follow  directly  bom  the  fact  that  the  lialf  width  of  Gaussian 
•  «t  other  .similar  profile  may  be  determined  very  accurately.  As  discussed  by 
Wntdeti  t  this  accuracy  is  cuucidctahly  greater  titan  the  telescope 

diffraction  limit,  ’ll iis  problem  is  somewhat  analogous  to  the  ability  of  stellar 
astu-metrists  to  measure  stat  positions  fat  mote  accurately  than  the  italf 
width  of  a  sicltai  seeing  did;. 

I  here  a»e.  however,  sources  of  systematic  error  in  interferometric 
asteroid  diametets.  the  assninplion  of  unifotm  allrcdo.  no  limb  darkening  and 
sphctjeal,slia|te  'being  among  the  most  serious.  Ilascd  on  otfr  stellar  speckle 
results  (Welter  and  Worden  1979).  tip  to  a2  W?-  increase  in  angular  diameter 
results  from  a  fully  limb  darkened  disk  as  compared  to  a  uniform  disk. 
However,  based  pn- space  piobc  plarfetary  and  satellite  images  obtained  to 
-late,  large  limb  darkening  is  highly  unlikely.  Indeed,  as  .si  town  by  McDonnell 
and  Hates  (I97{«)  linth  darkening  may  lie  a  free  parameter  to  he  fit  in  the 
diameter  lit  ting  procedure  described,  atmve.. given  accurate  enough  speckle 
data.  In  a  similar  nuntict  rdlicr.  parameters  such-las  cIongaicd:shapc  may  be 
III.  Occullaliou  results’ for  I’allas  show  some  elongation,  so  it  will  be  necessary 
in  lulnic  work,  to  consider  the  effects  of  jraramoters  other  titan  uniform  disk 
diameter.  Until- we  have  per  fee  ted  tjicsc  iix-iIukIs.  interferometric  diameters 
represent  only  the  diameter  of  a  uniform. sphere  which  would  produce  iltc 
same  light  as  ilie  asietoid  being  observed.  The  accuracies  reported  therefore 
refer  to  out  ability  to  determine  this  useful,  but  hot  complete  parameter.  To 
fully  assess  errors  caused  by  this  assumption  vve  ultimately  require  actual  high 
resolution  images  of  each  asteroid  being  studied. 

'Hie  exciting  new  possibility  of  actual  reconstructed  images  for  asteroids 
appeals  to  be  within  grasp.  Tire  methods  for  reducing  data' discussed  above 
produce  only  a  power  s;*cvlrmtr  or  l-’omier  amplitude  of  Iltc  true  image. 
Although  si/-:  an<i  shape  may  be  derived  from  the  Courier  amplitude,  the 
Courier  phase  is  needed  to  reconstruct  actual  images.. Several  schemes  ltavc 
been  developed  to  estimate  the  jdiasc,  (Hates  1978:  Baldwin  and  Warner 
1978)  the  most  promising  having  recently  been  proposed  by  Ticimp  (1978). 
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The  method  involves  mi  liei.iii'.c  -a !u*iii.*  in  yuess  |'!i:im*  *..tlu.-s  am!  ik'icnninc 
wild hci  the  tesultmg  iusacc  is  o»isni;in  all  valuer.  |>..Miivc  and  the 

object  has  a  diamcici  inaulmn*.  the  knows-.  c.iiiic).  We  have  tm-d  this  method 
on  mu  p  inset  spectium  icsulis  limn  phoiogfapluc  Vesta  data  WhIi  a  4-m 
telescope,  a  difliactioii-iimiicii  image  of  Vesta  would  has-.-  yvei  KK) 
tcsolulion  clctiieiits.  Hie  icsiiliiiip  image  shews  u  in  l-'ig.  7,  has  the  rijiln 
dial  octet.  Hus  is  encomagitig  since  the  •liunietei  is  a  lice  paraiticici  ill 
Menup's  method  as  it  is  applied  licit:.  I  he  mean  muse  in  this  linage  is  •  U'l, 
based  on  sc  vend  sets  **l  data  taken  >vith:n  live  titimitcs.  We  see  no  smfasC 
stiuctuic  latger  titan  tins.  a!lli>>itc!i  this  is  not  a  stringent  limit  We  do  see  a 
slight  elongation  with  the  lone  a\is  ah  ms  |>miiinii  angle  16'  i  4'  relative  to 
east-west.  Jiie  diametet  taJio  timii  the  longest  to  shoties»  seems  to  he  !.!*>  i 
0.02.  The  reality  ‘>1  this  elongation  is  open  to  question  since  polari-.ucttic 
icsnils  (Ciiadie  cl  at.  i*>7si  indicate  Vesta  is  spherical.  Moicovei,  while  the 
dettved  elongation  is  2.0';.  othei  speckle  iCm  'is  limn  Kitt  Peak  often  show  op 
to  a  107  elongation.  \\V  must  therefore  rcganl  this  image  as  a  vuy 
preliminary  attempt  at  asteroid  imaging  Nonetheless,  it  h  an  eucoiu  aging 
developmen*  illicit  cleatiy  warrants  tmtliei  studs . 

Another  promising  aspect  of  mtcifermnctik  methods  is  tin-  possibility  of 
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detect  mg  close  asicioid  pairs.  binary  stai  speckle  has  already  been 
denumstraled  -for  objects  as  (amt  as  +12  mag  by  out  gmupal  the  University 
of  Arizona.  It  may  thciciorc  be  possible  to  delect  asicioid  satellites  using 
iiituforometrie  meiinuis  and  work  is  now  underway  to  accomplisb  this. 

Tlreie  are  scveial  limitations  to  inter fcronieiric  methods.  The  + 1 6-mag 
limit  is  set  by  the  requirement  of  at  least  two  pbotons  per  name  in  a  0.01-sec 
exposure.  To  make  interferometric  methods  work  at  ait.  light  from  all  points 
of  the  object  must  pass  through  the  same  column  of  turbulent  atmosphere. 
Tins  is  called  the  “isoplanatrc”  requirement,  and  it  lias  been  measured  to  be 
about  o-5  arcsec.  Consequently,  asteroid  studies  should  not  he  affected  by 
isoplanatic  problems.  More  critically,  the  Worden  ct  at.  (1977)  correlation 
method  hegins  to  hicak  down  when  objects  appioach  the  seeing  limit,  1 
arcsec.  This  may  help  explain  the  discrepancy  between  speckle  diameters  for 
I'.tllas  and  other  values,  since  Pallas  was  about  0.7  arcsec  in  diameter  when 
observed. 
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